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FOREWORD 
This report  was prepared  under P ro jec tWorkOrde r  Number 177091-01, 
The research ,  and cove r s  the periodOctober 29 ,  1965 through January29,  1966. 
development and testing activit ies discussed here in  a r e  sponsored by Lewis 
Resea rch  Center ,  National Aeronautics and Space Administration, Cleveland, 
Ohio, under Contract NAS 3-7639. 
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1 . 0  INTRODUCTION AND SUMMARY 
During the reporting period, work has continued related to the objec- 
+:----  - f  n' ihc  A D-.-.-~-.- A T A C  2 7 A 7 0  err noTroinn n n r n a n ; ~  C o n s  r s tnr  L I V C ; ~  VI I w n u n  I L U ~ I ~ A I L  I ' I L L U  J -  I V J ,  I " 6 A  U l l l  i v  U b  Y L. ' " y  a LIVL 6-"'- r------ 
f o r  a High Tempera ture  Silver-Zinc Battery". As in the first quar te r  of this 
program,  (') work during the second quar te r  has  emphasized component fabr i -  
catioli, testiiig sild ~~a l i i a t io i i  z s  specifie2 *=der Task 11 of t he  \ v G ~ I <  staterLer,t. 
Work has  a lso continued on  Task  I which i s  devoted to  ce l l  and component design. 
T a s k  I of this program,  related to  cel l  design, i s  near ly  completed. 
The five ampere-hour  (5 AH) ce l l  design that has  been selected is based on t h e  
experimental  work ca r r i ed  out on components in Task  I1 and consis ts  of a 
grooved f r a m e  subassembly of separators  and electrodes.  
in a ce l l  case  along with the cover and terminals .  
f r ames  a r e  made f rom polyphenylene oxide (PPO).  
drawings of this  design a r e  shown in F igu res  1 through 5. 
have been ordered and should be received by about March 1 ,  1966. 
It is then assembled 
The ce l l  c a s e ,  cover and 
Detail and assembly  
Molded P P O  cases  
T a s k  11, concerned with component fabrication and evaluation, is a l so  
on schedule. 
cable tes t  resul ts  a r e  presented. 
additional work must  be  done to satisfactorily meet  all p rogram requirements ,  
the ce l l  components a r e  being finalized for  use in Task  III multiplate cells.  A 
nurilirer ui tesi, Lei:$ L d v e  ~unip ie ie r i  i4C; ~ y s l e s ,  z s  i-eqcili-eG Z j ;  the - ~ ~ r k  state-
2 ment,  at25OC and 100°C a t  2 0  m a / c m  . 
determine pract ical  discharge and charging l imits .  Two multiplate ce l l s  have 
been given a prel iminary cycle tes t  at 25 C .  These cel ls  completed 1165 and 
427 cycles ,  respectively,  whentheywere disassembled for  component analysis 
but do not, however, represent  the best  assembly  of components. The resu l t s  
of this component analysis  a r e  being used fo r  fur ther  guidance of T a s k  11 com- 
ponent development efforts. 
The bes t  components produced thus f a r  a r e  descr ibed and appli- 
Except for the zinc e lec t rodes ,  where 
Tes t s  at  higher r a t e s  a r e  under way to 
0 
Physical  property and KOH compatibility t e s t s  have been completed on 
Celcon and PPO case  mater ia l s .  
selected as the case  ma te r i a l  fo r  TLse in Task  III of this program.  
Based upon these t e s t s ,  PPO has been 
In general ,  the resu l t s  obtained during the f i r s t  two quar te rs  of this pro-  
g r a m  a r e  favorable and the ent i re  program is on schedule. 
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2.0 TECHNIC A L DISC USSION 
2.  1 TASK I - Design of Multiplate 5 AH Cel l  
2.1.1 Grooved Cell Case 
The f i r s t  design concept of a 5 AH multiplate ce l l  con- 
s i s ted  of a grooved-wall  cell case .  Tn t h i s  design the separa tors  were  
cemented into grooves machined in the side walls of the c a s e s ;  the electrodes 
were  then inser ted and the leads were run through hollow terminals  mounted in 
the ce l l  cover and soldered in place. 
A model  built in accordance with this design was sub- 
mitted to environmental testing and satisfactorily proved the t e s t  specifications 
called fo r  in the work statement.  These t e s t s ,  which included vibration, shock 
and acceleration, a r e  reported in detail in SM-48461 -Q1 (1) 
2 .1 .2  Grooved F r a m e  Cel l  Design 
The ce l l  assembly descr ibed above was somewhat cum- 
be r some  to assemble  and could b e  unreliable on an assembly  line bas i s .  
design modification was introduced af te r  approval by the NASA ProjectManager .  
In this design a grooved f r a m e  holding separa tors  and electrodes is assembled 
f i r s t .  
assembled in the cover) ,  the entire assembly  consisting of f r a m e ,  electrode 
pack, and attached cover is inserted into a smooth wall cell  case .  The cover 
is  then assembled t o  the ce l l  case  which is provided with a r e c e s s  to  locate the 
cover  and to  provide a seal ing a rea .  
A 
After attaching the electrode tabs  to the base of the te rmina ls  (previously 
To keep the cell s ize  as close a s  possible to  conventional 
5 AH ce l l s ,  the dimensions of a l l  components were  held to  a minimum. 
dimensions of the ce l l  components a r e  shown in F igu res  1 through 5. 
The 
The assembly of the ce l l  was made a s  follows: 
Cel l  Case:  
gether on a mandrel,  
Chloroform o r  a 10 to 2070 PPO solution in chloroform was 
used a s  the cement. 
t empera ture  under light p re s su re .  
assembly  is baked in an oven a t  60 - 70 C to  eliminate sol-  
vent t r aces .  
The case walls and the bottom a r e  sealed to- 
The c a s e  ma te r i a l  used is PPO. 
The c a s e  assembly  is dr ied a t  room 
After a i r  drying, the 
0 
8 
The assembled case is  then tes ted fo r  gas leakage at five 
ps i  p r e s s u r e  and f o r  KOH leakage by filling the case  with 
4570 KOH and le t tkg  it stand for  24 hcurs  a t  rcom tempera-  
ture  and €or  2 4  hours at  100°C. 
accepted f o r  use if it passes  these tes t s  without evidence of 
le aka ge . 
The case assembly is 
F r a m e :  The frame consists of three pa r t s  - two sides and 
one bottom. The three pa r t s  have aligned grooves. i n e  
separa tors  a r e  assembled by cementing them into the f r ame  
grooves . 
The spacings between separa tors  a r e  then checked using 
fee le r  gages to insure e a s e  of electrode insertion. 
-* 
Cover: 
Shell Resin 901/B-3 which has  groven to be leak proof a t  
t empera tures  ranging f rom -30 C to 15OoC. 
The terminals a r e  assembled to the cover using 
Plates:  
nector tabs cut t o  length and punched a t  the proper  location 
for  attachment to  the te rmina l  base .  
Positive plates a r e  prepared f r o m  Handy and Harmon 
Silpowder 130. 
of 98% ZnO and 2% HgO and a r e  wrapped in KT paper approxi- 
mately 20 mils thick. 
The electrode plates a r e  fabricated with the con- 
Negative plates a r e  prepared  from a mixture 
Assembly: 
cavities.  
absorbent material  that s e rves  a s  an electrolyte re ta iner .  
The punched connector tabs a r e  attached to  the cel l  t e r -  
minals.  
and the cover is sealed in place. 
The plates a r e  then slipped into the i r  respective 
The positive plates a r e  wrapped in a t t U t '  of 
Finally,  the ent i re  assembly is inserted in thecase  
Valve: 
cel l  temporar i ly  until more  data a r e  obtained on gassing 
charac te r i s t ics  and the magnitude of p re s su re  build up 
which will be  encountered during operation at  25O and 100°C. 
Present ly  a valve is used a s  a means of sealing the 
2.1.3 Molded Cases 
To expedite the work on this contract ,  a survey of 
existing molds available from several  ba t te ry  manufacturers was made. 
case has  been selected that very closely approximates the dimensions of the 
fabricated cases  descr ibed above. 
f r o m  PPO have been ordered ,  
A 
One hundred of these ce l l  cases  molded 
Delivery i s  expected about 1 March 1966. 
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2.2 TASK II - Fabrication, Testing and Evaluation of Cel l  Components 
2.2.1 Elec t rodes  
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I 
I 
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I 
1 
I SM-48461-Q2 
The cu r ren t  collector used for  both positive and negative 
electrode plates  is s i l ve r  expanded meta l ,  3 AG 10 - 3 / 0  to which a 1/4"  x 
O O b i i  s i lve r  s t r i p  is attached by spotweiding. 
The  electrode weight is controlled to - t2.570. 
During the f i rs t  quar te r ,  the electrode formulations were :  
Positive: 5070 Ag powder, 50% monovalent Ag oxide 
Negative: 98% zinc oxide, 2% HgO 
KT paper pressed on both s ides  of the electrodes was 
changed. Based on test resul ts  obtained during the f irst  quar te r ,  the positive 
formulations were  changed to  Handy-Harmon Silpowder 130 s intered a t  65OoC 
for t h ree  minutes after electrode pressing. The negative electrode formula- 
tion has  not been changed. 
2 .2 .1 .  1 Case Confieuration 
Two unit ce l l  c a s e  configurations have been 
used in this  p rogram f o r  the evaluation of electrodes and inorganic separa tors .  
The first design consisted of a two-compartment ce l l  containing one inorganic 
sepa ra to r ,  one positive and one negative electrode. 
design. This tes t  ce l l  design is designated as  "ESC-0000". 
F igure  6 shows this 
The new tes t  ce l l  for electrode and separa tor  
testing is shown in F igure  7. 
f r a m e  that can hold e i ther  one o r  two inorganic sepa ra to r s  s o  that ce l l s  can be 
tes ted  having either one positive electrode and one negative electrode o r  one 
positive and two negative electrodes. 
e lect  roc hemic a1 deve lopment of the e lect  rode s towa r d  the multiplat e configuration. 
This ce l l  consis ts  of a grooved three-s ided 
This approach is used in guiding the 
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Figure  7. Single Electrode Tes t  Case With 2-Separator 
Grooved Frame (ESC-B Type) 
. Q2 
0 Cel l  c a s e s  a r e  being fabricated in Lucite and polystyrene for tes t s  a t  25 C and 
PPO fo r  t e s t s  a t  1 0 0 ~ ~ .  
2 . 2 . 1 . 2  Testing 
The principal tes t  f o r  determining electrode 
charac te r i s t ics  is ability to cycle. In accordance with the work statement,  
cycle testing is performed on  each electrode configuration and formulation at 
room tempera ture  and at 100 C on a 30-minute discharge,  60-minute charge 
test schedule using 140 cycles a s  the cut-off cr i ter ion.  Electrode effectiveness 
is first determined by cycling a t  a discharge cur ren t  density of 20 m a / c m  and 
then ra i sed  until the maximum operating discharge cu r ren t  density is estab- 
lis hed. 
0 
2. 
The cycle tes t  data on the single t e s t s  ce l l s  
presented in the f irst  quarterly progress  report! ’’ indicated that the 140-cycle 
cutoff requirement specified in the work statement was readily obtained on ce l l s  
at both 100°C and 25OC a t  a discharge cu r ren t  density of 20 m a / c m 2  and a 
charge  cu r ren t  density of 11 ma /cm . 
increased  to 27 ma /cm2 ,  no test cells reached the 140 cycle cutoff due to  the 
higher charge ra te  required.  It was, therefore ,  decided to establish two experi-  
menta lcyc le  t e s t  reg imes ,  one at a discharge cur ren t  density of 20 m a / c m  
with a charge cu r ren t  density of 11 rna/cm’, and the other a t  40 m a / c m 2  d is -  
charge  cur ren t  density and a 22 rna /cm 
evaluation of electrodes in o rde r  to determine the maximum cur ren t  density 
f o r  prac t ica l  ce l l  operation at 25OC and 100°C. 
2 When the discharge cu r ren t  density was 
2 
2 charge cur ren t  density to permi t  
iab ie  I summar izes  the cycle t e s t  resu l t s  for  
a number of two-plate tes t  cel ls  cycled at 100°C and 25OC at discharge cu r ren t  
densit ies of 20 m a / c m  At room tempera ture  four  ce l l s  com- 
pleted the required 140 cycles  on a 30-minute discharge and 60-minute charge 
2 
cycle t e s t  schedule a t  20 ma/crn2 discharge cu r ren t  density and an 11 m a / c m  
charge  cu r ren t  density. These were T e s t  Ce l l  Nos.  ESC-0112, ESC-0113, 
ESC-0121, and ESC-0127. During assembly  of Tes t  Cel l  No. ESC-0114 
the sepa ra to r  was apparently broken, as was evidenced when the ce l l  was 
disassembled following the completion of 23 cycles.  
and ESC-0137 a l so  completed 140 cycles on the s a m e  cycle t e s t  schedule a t  
2 2 and 40 m a / c m  
Tes t  Cell  Nos .  ESC-0128 
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100°C. 
completed more  than 100 cycles at 100°C and 20 m a / c m  discharge cur ren t  
density when they lost  capacity due to  the depletion of active mater ia l  in the 
zinc electrode. 
Three  additional t e s t  cells  (ESC-0122, ESC-0126 and ESC-0135) had 
2 
Several  t e s t  cel ls  (ESC-0118, ESC-0140 and 
2 
~ ~ ~ - 0 1 4 2 )  cycled at Z ~ O C  at a discharge cur ren t  density of 40 m a i c m  
charge  cur ren t  density of 22 ma /cm 
minute charge test schedule completed the required 140 cycles. T e s t  Cel l  No. 
ESC-0132 completed 134 C Y C ~ P , ~  zn"Y Test Ce?? N=s. ESC-0135  aid ESC-0138 
successfully completed 100 cycles at 100°C and 40 m a / c m  
density. 
and a 
2 on a 30-minute discharge and a 6 0 -  
2 discharge cu r ren t  
A number of two-plate t e s t  cells  cycled a t  
2 
Tes t  Cel l  No, ESC-0132 completed 134cycles and 
100°C and 25OC at discharge current densit ies of 40 rna /cm2 and a t  20 ma!cm 
did not complete 140 cycles.  
T e s t  Cel l  Nos .  ESC-0134 and ESC-0138 completed 100 cycles at 100°C and 
40 m a / c m  discharge c u r r e n t  density. 2 
These cel ls  were  tested in half-case assem- 
bl ies  in which electrode cavities were deeper  than the thickness of the positive 
and negative plates.  Because of the excessive space available around the zinc 
electrode,  slumping and expansion of the electrode resul ted during cycling. 
This  expansion exerted p r e s s u r e  on the separa tor  causing it to bow because of 
the space  available behind it in the positive compartment.  
appears  to be overcome in the new three-electrode t e s t  ca ses  where the posi- 
tive electrode is held firmly between the two sepa ra to r s  with one zinc elec- 
trode on ei ther  side. 
l a t e ra l  movement is  precluded and zinc electrode changes should b e  minimized. 
The problem 
Because all components f i t  together in a tight pack, 
Recent experimental  resul ts  show that the 
cycle  performance of the new three-plate ce l l  design is considerably be t te r  
than that of the f o r m e r  two-plate cell design previously described in the 
monthly p rogres s  repor t  for  September 1965. 
b e r  f o r  the three-plate  tes t  cell  is "B", i . e . ,  ESC-B-000. 
The ce l l  identification num- 
Table I1 is a s u m m a r y  of the three-plate t e s t  
ce l l s  being cycled a t  100°C and 25OC on a 1 /2-hour  discharge and a 1-hour 
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charge  schedule at discharge current  densit ies of 20 m a / c m L  and 40 m a / c m k e  
Ten of these tes t  cells  have completed the required 140 cycles a t  25OC and 
2 0  m a / c m  discharge cur ren t  density. Several  of these new t e s t  ce l l s  were  
permit ted to continue cycling and have run f o r  more  than 400 cycles this f a r  
and continue under tes t .  Tes t  Cel l  N o s .  ESC-B-147, ESC-B-149, and ESC-B- 
152 have cycled at 25OC and at a discharge cur ren t  density of 20 m a / c m  
(equivalent to 35% depth of discharge based on rated capacity) and continue 
under test, 
t ime under the same tes t  conditions. 
C-11 polystyrene ce l l  ca ses  purchased f r o m  a ba t te ry  manufacturer.  
sh im was used in these ce l l  assemblies  to  provide electrode cavities of the 
same dimensions as used in theLucite afid P P O  cel l  ca ses  fabricated in the 
machine shop. 
2 
2 
Test  Cel l  No. ESC-B-139 has  completed 700 cycles  to the present  
These ce l l s  were  assembled in molded 
A Lucite 
Tes t  Cel l  No, ESC-B- 139 i s  assembled in a Lucite ce l l  ca se .  
Test  Cell  Nos. ESC-B-157, ESC-B-158, 
ESC-B-159, and ESC-B-160 have completed the required 140 cycles a t  100°C 
and 20 m a / c m  
ce l l  design can successfully meet  the 140 cycle requirement  at both 100 C and 
25OC at a discharge cu r ren t  density of 20 m a / c m  
of 12 m a l c m  . 
2 discharge cu r ren t  density indicating that the three-plate  t e s t  
0 
2 and a charge  cu r ren t  density 
2 
Based upon the successful attainment of 140 
cyc les  a t  both 100°C and 25OC a t  20  m a / c m 2  discharge cu r ren t  density and 
12 m a / c m  
cycle  t e s t  at 25O and 100°C at 30 m a / c m  
m a / c m  charge cu r ren t  density. 
performance data a r e  shown in Table 11. 
progres s  at 40 m a / c m 2  discharge current  density. 
2 charge cu r ren t  density, another group of tes t  ce l l s  was placed on 
2 discharge cu r ren t  density and a 20 
2 These cycle tes t s  a r e  continuing and typical 
Concurrent cycle testing is also in 
Several  of the new t e s t  cel ls  are being d is -  
charged through a fixed resis tance.  
procedure under flight conditions than constant cu r ren t  operation. 
res i s tance  discharge method will be used during the remainder  of the program 
when single t e s t  cel ls  a r e  cycled. 
This  method provides a m o r e  real is t ic  
The fixed 
Table ILI shows electrode construction and 
formulation f o r  all test cel ls  of the new configuration (one positive and two 
SM-4846 1 - Q2 
1 
Collector 
Pellon (All Cells): 
U- Ag EXMET 
Wrap 3Ag-10-3/0 
TABLE III 
ELECTRODE TEST CELL CONSTRUCTION - ONE POSITIVE AND TWO NEGATIVES 
I 
Posi t ive 
t 
Tes t  
Cell  Number 
ESC -B-144 
ESC -B-145 
ESC -B -14 6 
ESC-B-147 
ESC-B-148 
ESC -B -149 
ESC-B-150 
ESC -B-151 
ESC-5-152 
ESC -B -153 
ESC-B-154 
ESC -B-155 
ESC -B -15 6 
ESC-B-157 
ESC-B-158 
ESC -B -159 
ESC -B -160 
ESC -B -161 
ES C - B - 1 62 
ESC -B -163 
ESC -B-164 
ESC -B -165 
ESC-B-166 
ESC -B-167 
ESC -B-168 
V C P  _ Q  - 1  LO u u u - - u - r u /  
ESC -B -17 0 
ESC - B - 17 1 
ESC -B -172 
ESC-B-173 
ESC-B-174 
ESC-B-175 
ESC -B -17 6 
ESC -B-177 
ESC - B -17 8 
ESC-B-179 
ESC -B-180 
ESC-B-181 
ESC -B-182 
ESC -B-183 
ESC -B -184 
ESC -B -185 
ESC-B-186 
ESC -B -187 
Formulation Negative F o  rmulation 
KT P a p e r  
Case 100% 50-50 ZnO HgO U- 10% 
Mater ia l  Ag Ag/Ag20 70 70 Wrap F i b r e s  Other  Comments ! 
Lucite x 
X 
X 
X 
X 
X 
X 
X 
Lucite x 
P P O  X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
x 
X 
X 
3. 
P P O  
Lucite x 
Lucite x 
X $ 
X 
X p?f P P O  X 
Lucite X 
Lucite x 
X 
X 
X 
X 
X 
X 
X 
P P O  X 
98 2 X 
98 2 
98  2 X 
98 2 X 
98 2 X 
98 2 X 
98 2 X 
98 2 X 
98 2 x 
98  2 X 
98 2 X 
98 2 X 
98 2 X 
98 2 X 
98 2 X 
98 2 X 
98 2 X 
98 2 X 
98  2 X 
98 2 X 
98  2 X 
98 2 
98 2 X 
98 2 X 
98 2 
n o  7 u  L 
98 2 X 
98  2 X 
98 2 
98 2 
98 2 
98 2 
98 2 
98  2 
98 2 
98 2 
98 2 
98 2 
98 2 
98 2 
98 2 X 
98 2 X 
98 2 X 
98 2 X 
X -- 
A 
3 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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negative electrodes and two inorganic separa tors ) .  
formulation was identical f o r  a l l  cells but s eve ra l  different methods were  used 
i n  applying the network support mater ia l  in the negative electrode. 
t rode current  collectors and tabs were of the same  design in a l l  cells .  
The positive electrode 
The elec-  
Prel iminary cycle testing of multiplate cel ls  
for  c n m - p ~ ~ e n t  ex.Talgatisr, con t i q i~ed  throanhn-+ 6”“ u* +ha -A*- r e p r t  perioc’,. ,hilultiFlate 
ce l l  No. MC-2 completed 1,165 cycles a t  25OC on a 1/2-hour discharge and 
1/2-hour  charge cycle test schedule. 
formed bv charging to 2 .1  volts and discharging at constant cu r ren t  (1.0 ampere)  
t o  1 - 0  volt cut-off. At this ra te  the ce l l  had an init ial  capacity of 13.0 ampere  
hours .  
regimes to  obtain charge and discharge ra te  data: 
P r i o r  to placing on cycle,  this cell was 
Following a full recharge,  the cel l  was cycled under the following 
Discharge Charge Discharge Charge Total Cycles 
4.0 Amps. 2 . 8  Amps. 1 / 2  h r .  1 h r .  17 cycles 
2.8 Amps. 1.6 Amps. 1 /2  h r .  1 h r .  10 cycles 
1.0 Amps. 1 .6  Amps. 1 / 2  h r .  1 / 2  h r .  652 cycles 
1.1 Amps. 2.0 Amps. 1 / 2  h r .  1 /2  hr .  513 cycles  
Figure 8 shows the 28th and 338th cycles  for 
this  multiplate cell .  At cycle 338 there  was a degradation of the monovalent 
s i l ve r  oxide plateau voltage probably caused by geometric changes in the zinc 
electrode, resulting in reduced a r e a  of the zinc electrode which increased cu r -  
rent den s i ty  . 
Multiplate Cell  No. MC-3 was placed on a 30- 
0 
minute dischzrge,  Sn-lr,iIl.2te c h 2 r g e  cycle  t e s t  schedde  2t 25  c Jt 2.8  2TT1peres 
and 2 .0  amperes  respectively. 
as sembled for  analysis.  
This ce l l  completed 427 cycles  when it was d i s -  
2.2.2 Inorganic Separator 
Inorganic separators  have been fabricated during this 
reporting period as required for  component evaluation and ce l l  testing. P r o c e s s  
and quality control tes t s  indicate a consistent high level of uniformity and 
quality. 
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The statement of work requires  that a physical property 
evaluation of cell  s t ruc tura l  mater ia ls  be  performed in o rde r  to select  mater ia l s  
having sat isfactory s t rength and rigidity. 
t es ted  and evaluated. 
The following two mater ia ls  were 
Mate r i a i  
Polyphenylene Oxide (PPO) 
Acetal  Copolymer (Celcon) 
ivI anufa c tu r e  r 
General  Elec t r ic  Company 
Celanese P las t ics  Company 
The mater ia l  t e s t s  performed included: 
(a) modulus of rupture 
(b) tensi le  s t rength 
(c) modulus of elasticity 
(d) dimensional compatibility 
(e) t he rma l  degradation 
One thousand hour KOH-high temperature  compatibility 
t e s t s  on PPO and Celcon case  mater ia ls  were  completed during the reporting 
period. 
PPO and Celcon (shown i n  F igure  9) in 35'7'0 KOH which were  sealed in s ta inless  
s t ee l  p r e s s u r e  vesse ls .  
- t2OC fo r  1000 hours.  
vesse ls  used in these tes t s .  
removed f rom the container,  washed, dr ied,  and inspected f o r  evidence of 
degradation, and then returned to  the p re s su re  v e s s e l  f o r  continuation of the 
tes t .  
Celcon after a total  of 1000 hours  of exposure.  
graphed p r io r  to the s t a r t  of the tests (Figure 9) and again a f te r  completion of 
the tests (Figure 11). 
the t e s t  was a change in color  of the Celcon tes t  specimens f r o m  white to beige 
where the t e s t  specimen protruded f rom the KOH solution. 
can be  noted in F igure  11 at the right ends of the two top Celcon t e s t  specimens.  
The P P O  t e s t  specimens were  unchanged in color a s  a resul t  of the tes t ,  
These t e s t s  involved the complete submergence of t e s t  samples  of 
0 The sealed p r e s s u r e  vesse ls  were  heated to 100 C 
Figure 10 shows one of the s ta inless  s t ee l  p re s su re  
At each 100-hour interval,  the test samples  were 
The 100-hour inspections showed no visible degradation of e i ther  P P O  o r  
T e s t  samples  were  photo- 
The only visible change which occurred  as a resul t  of 
This discoloration 
Q2 23 
II 
8 
8 
8 
8 
I 
I 
I 
I 
I 
Figure  9. Tes t  Samples of Celcon and PPO P r i o r  to the 
1000-hour KOH Compatibility Tes t  
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Figure  10. Stainless Steel P r e s s u r e  Vessel  
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Figure  11. Tes t  Samples 
the 1000-hour 
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of Celcon and P P 0 Following 
K O  H Compatibility Tes t  
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Test  resu l t s  on the PPO and Celcon t e s t  specimens after 
1000 hours exposure to  KOH at 100°C a r e  shown below: 
Sample 
No. Mate rial 
Ultimate 
Tensile 
(Psi) 
Celcon 
Celcon 
Celcon 
Celcon 
Celcon 
Celcon 
P P O  
9,540 
9, 370 
9,510 
9,480 
9, 310 
9, 360 
10, 600 
Average Modulus of Average 
(PS i) Elast ic i ty  (PS i) 
5 3.36 x 10 
5 8.28 x 10 
9430 5 . 1 7 ~  10 5 . 1 7 ~  lo5 
5 
5 
5 
5 
4 . 1 8 ~  10 
5.22 x 10 
4.82 x 10 
5 . 0 5 x  10 
5 8 P P O  10, 600 6.01 x 10 
9 P P O  10, 600 10600 5 . 4 3 x  10 5 . 6 4 ~  10 5 
5 
5 
5 
10 P P O  10, 700 6 . 0 8 ~  10 
11 P P O  10, 700 6.02 x 10 
12 P P O  10, 600 5 . 2 6 ~  10 
2. Modulus of rupture  after exposure; tes ted and computed pe r  ASTM 
D- 790-63. 
Modulus of 
Rupture Average 
Sample No. Material  (Psi) (PS i) 
1 Celcon 11,240 
2 Celcon 10,900 11,000 
3 Celcon 10,900 
4 P P O  14,690 
5 PPO 15,210 15,000 
6 P P O  15,100 
3 .  Dimensional stabil i ty and weight change a f t e r  exposure. F o r  this  
t e s t  the thickness and width were  measured  with a d ia l  thickness 
gauge, t o  the nea res t  0.001 inch, at severa l  points along each 
sample before  exposure, Following exposure, measurements  were 
taken at identical  points and compared with the initial values. 
a like manner  the length of each sample was measured  between 
In 
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two specific points before and af ter  exposure. 
change the samples  were weighed on an analytical balance to four 
decimal  places before and af te r  exposure.  
F o r  the weight 
Mate rial Celcon PPO 
Average thickne ss change 0 0 
Average length change -0.2470 0 
Average weight change -0.1570 -0.0170 
Average width change -0.1670 - 0 e 0570 
4. Appearance after exposure: The samples after e u p s n r e   ere 
compared with unexposed samples  f o r  color.  The Celcon had 
changed in color f rom a milk white to  a light blue-gray in the 
a r e a  of total  immersion in the solution. In the a r e a  where the 
tensile tabs were out of the solution ic the vapor phase the co lor  
had changed to a da rk  beige. The color  of both a r e a s  was the 
s a m e  in the in te r ior  of the sample as on the surface.  
testing, the tensile ba r s  turned blue in the areas of strain. 
gloss of the Celcon resin was unchanged by  exposure. 
was essentially unchanged in color and gloss af ter  exposure. 
After 
The 
The PPO 
5. Summary of tes t  results:  
Initial F ina l  
Astropower Astropowe r 
Manufacturer 's  Lab0 rat ory Lab o rat o r y  
Mate r i a l  Tes t  Data (Results)  (Results)  
Celcon Ultimate Tensile 8 , 8 0 0  ps i  8,470 ps i  9 ,430 ps i  
5 5 Celcon Modulus of Elast ic i ty  No value given 3 . 6 9 ~ 1 0  ps i  5 . 1 7 ~ 1 0  ps i  
C elcon Modulus of Rupture-'' 13,000 ps i  12,000 psi  11, OOOpsi 
PPO Ultimate Tensile 9 , 0 0 0  - 10,000 ps i  9,460 ps i  10,600 psi  
d, 
ppn >v<6dc:1cS =fE!=.sticitj- 3 . 5 -  3 . 8 x ? ~ 5 i i s i  3..:x:05psi 3 . 4 x : o  5 psi  
.b 
P P O  Modulus of Rupture-'. 14,000 - 15,000 p s i  13,600 ps i  15,000 ps i  
.* -4- 
The modulus of rupture is a measurement  of the load p e r  unit a r e a ,  placed in 
the center  of a beam of t e s t  material ,  requi red  to  develop five (5) percent  
s t r a in  in the outer f iber.  
One task  to  be performed l a t e r  in the program involves 
the the rma l  cycling of activated multiplate ce l l s  at 145OC - tZ0C fo r  th ree  36-hour 
soak periods.  
t e s t  while submerged in 4570 KOH during the evaluation of case  mater ia l s  in 
o r d e r  to se lec t  a case  mater ia l  which would a l so  satisfactorily meet  this r e -  
quirement.  
It was decided t o  submit t e s t  samples  of PPO and Celcon to this 
Due to an e r r o r  in calibration of the tempera ture  r eco rde r ,  a 
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higher  temperature  was obtained for two and one-half of the 36 hour per iods of tes t  
than planned. 
193OC for 93 hours  plus 15 hours  at 145OC. 
by this t e s t  but the Celcon samples  melted into a lump. 
new Celcon t e s t  samples  was conducted by heating the submerged samples  in 
45% KOH f o r  6 hours a t  145OC - t 2 O C .  
during this test .  
fac tory  case  mater ia l  and that Celcon was unsuitable f o r  use in this program. 
As a result ,  the tes t  samples of PPO and Celcon were  heated to 
The P P O  samples  were unaffected 
An additional tes t  on 
These samples  a lso melted into a lump 
Based on these tests i t  was determined that P P O  was a satis- 
1. Tensile strength and modulus of elasticity af ter  exposure to 45% 
KOH (tested in accordance with ASTM D-638-64T). 
Ultimate 
Sample Tensile Average Modulus of Ave rage 
No. Mate rial (Psi) (Psi) Elasticity (Psi) 
5 1 PPO 11 ,250  3 . 4 7 x  10 
2 PPO 11,250 11,260 3 . 5 8 ~  10 3 . 4 9 x  10 5 
5 
5 
3 PPO 11, 340 3 . 5 1 ~  10 
4 PPO 11, 190 3 . 4 0 ~  10 
2. Modulus of rupture, after exposure (tested in accordance with 
ASTM D-790-63). 
Sample No. 
1 I
2 
3 
4 
3 .  Dimens iona 
SM-4846 1 - Q2 
Modulus of 
Rupture 
Mate rial (Psi) 
TTO 
PPO 
PPO 
PPO 
14, s’ic 
14,980 
14,720 
15,330 
Average 
(PS i) 
14,900 
Sta-ility: F o r  1 .is tes t  the t lLicLaess and w J t h  were 
measured  with a dial  thickness gauge in the nea res t  0.001 inch, 
at severa l  points along each sample,  before  exposure.  Following 
exposure , measurements  were  taken a t  identical points and com- 
pared  with the initial values. IE a like marrner the length of each 
sample was measured  between two specific points before and af ter  
exposure.  
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Average thickness change t l .  670 
Average width change t o .  3% 
Average length change - 1 4yo 
4. Weight Change: The samples were  weighed on an analytical 
balance to four decimal places before and af te r  exposure. 
Average weight change -0.01% 
At the suggestion of the NASA Projec t  Officer,  molded 
polystyrene ce l l  ca ses  and covers  of the approximate 5 AH ce l l  s ize  have been 
purchased. 
Molded 5 AH cel l  c a s e s  and covers  made f rom P P O  have a l so  been ordered fo r  
tes t s  at 100°C and higher. 
0 These ce l l  c a s e s  and covers a r e  being used fo r  evaluations a t  25 C e 
2.2.4 Terminals  
As reported in the first Quarterly Report ,  the t e rmina l  
s ea l  design successfully passed thermal  cycling, p re s su re  and KOH leakage 
tes t s  as required by  the work statement. 
A f t e r  testing in accordance with these specifications, no 
t r a c e  of alkalinity was detected a t  the external end of the te rmina l  during the 
t e s t  period and as long a s  24 hours la ter .  
examination and no attack could be detected on any ma te r i a l  used o r  on the 
ent i re  configuration. 
na l  was modified subsequently for  ease of assembly,  a s  shown in F igure  4. 
The te rmina l  was disassembled fo r  
The attachment of electrode tabs to the base of the t e r m i -  
2.2.5 Connections and Curren t  Collectors 
The electrode tab (current  collector) connection to the 
ce l l  t e rmina l  consists of two basic  designs, (1) s i l ve r  tabs spot-welded o r  hot- 
forged to  s i l ve r  expanded metal  grids cut t o  s ize ,  and (2) s i lver  expanded meta l  
g r id  in which a solid s i l ve r  tab is an integral  par t  of the gr id .  A KOH soak t e s t  
was  performed,  in compliance with the statement of work, in which two elec-  
trode cur ren t  collector gr ids  of the first design descr ibed above were completely 
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submerged in 35% 
ve s s e  1 maintained 
KOH in a stainless s teel  vesse l  shown in F igure  10 and the 
a t  150°C - + 2OC for  168 hours.  At the completion of the 168- 
hour soak tes t ,  the cu r ren t  collector gr ids  were  removed from the sealed ves-  
se l ,  washed, dried,  and inspected under a microscope for corrosion. No  
evidence of cor ros ion  was noted. 
col lector  gr ids  taken af te r  the 168-hour soak tes t .  
was then passed through each gr id  for a period of one minute with one cur ren t  
lead connected to  the end of the s i lver  tab and the other  cur ren t  lead attached 
to the bottom of the s i lver  grid.  
coloration was detected, 
the tab away f rom the gr id  a t  the welded joint by holding the grid in a vise and 
manually pulling the tab, The tab could not be pulled loose f r o m  the gr id  indi- 
cating sat isfactory weld strength.  
the fo rce  required to pull the tab 3wa-r Y f rom t he  co!?ector. 
that when 10 pounds force was applied, the Exmet  gr id  pulled apart .  
welded joint between tab and gr id  was unaffected by  the t e s t  showing that the 
weld is s t ronger  than the gr id  mater ia l  itself. 
Figure 12 is a photograph of the cur ren t  
A 30 ampere  cur ren t  (dc) 
No evidence of res is tance,  corrosion or  d i s -  
Finally an attempt was made to mechanically pull 
Assemblies were  a l so  tested to determine 
It w-as deteriliined 
The 
Because the second type is an integral  par t  of the cu r ren t  
collector-connector assembly,  it was unnecessary to  t e s t  this  design fo r  c o r -  
rosion resis tance.  
s ica l  design is adequate for  the proposed application and capable of operation 
continuously at 30 amperes .  
Curren t  t e s t s  were conducted which indicated that the phy- 
2 . 3  Summarv of Results and Conclusions 
Several  prototype multiplate 5 ampere-hour  cells were  fabricated 
throughout the past  quar te r ,  
type, which was approved by the NASA/Lewis P ro jec t  Officer ea r ly  in this 
quarter .  This design emphasizes the requirements  of the work statement,  
such as e a s e  of assembly,  positive c losures ,  pa r t s  reproducibility, adequate 
c losures ,  and filling means.  
completed on this  modified groove-type multiplate ce l l  design. One prel iminary 
multiplate cel l  of this design completed 1165 cycles at 25 C on a 30-minutedis-  
charge and 30-minute charge tes t  schedule. 
The ce l l  design used was the modified groove- 
Cel l  assembly and detail  p a r t s  drawings were  
0 
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Figure  12. Silver Electrode Cur ren t  Collector Gr ids  Following 
Exposure  to  150°C for 168 Hours  in 357'0 KOH 
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Moided ce l l  ca ses  made of polyphenylene oxide (PPO) have been 
ordered  f o r  use in this program for both 100°C and 25OC temperature  tes ts .  
The molded case  approximates very closely the dimensions of the fabricated 
5 AH multiplate ce l l  design. 
F ina l  t e s t  data and analyses were  obtained on the two candidate 
c e l l  case  and cover mater ia ls  - PPO a d  C e k a r ,  - -,vL:-'- 112L.11 ----I w c ~ e  subjected to the 
1000-hour KOH-high tempera ture  soak tes t s .  
apparent that PPO can b e  used as the mater ia l  for  the multiplate ce l l s  to be 
built in Task  III. 
of work. 
the exposure 
A s  a resul t  of these tes t s ,  it was 
0 Celcon can not withstand the 145 C s p e ~ i f i e d  in the statement 
The mechanical properties of P P O  remained unchanged a s  a resu l t  of 
Astroset  Type 5-036-01 1 inorganic sepa ra to r s  were  fabricated 
and incorporated into tes t  cells  and prototype multiplate t e s t  cel ls  during the 
qua r t e r ,  
resu l t  of s t r i c t  quality control measures  which have been implemented through- 
out this  program. 
Separator quality and uniformity have continually been improved as a 
Cycle testing of unit electrode test ce l l s  containing Astroset  Type 
0 5-036-011 inorganic separa tors  was continued at  100°C and 25 C for  the pur -  
pose of evaluating electrode formulations and configurations Many electrode 
t e s t  cel ls  successfully completed the required 140 cycles in compliance with 
the  s ta tement  of work at  100 C and 25 C a t  a discharge cur ren t  density of 
2 0  m a / c m  . 
t empera ture  and 100 C a t  discharge cu r ren t  densit ies of 20 m a / c m  
30 m a l c m  . 
0 0 
2 A new three-plate unit ce l l  design is being cycle tested at  room 
0 2 and 
2 
Based on the promising experimental  t e s t  cel l  resu l t s  obtained 
during the past  quarter ,  the emphasis of the program has  been shifted f rom 
component testing to  multiplate cell  fabrication, testing and evaluation. 
Although the component work will be continued at  a reduced level of effort ,  
multiplate ce l l  work will be ca r r i ed  out based on the bes t  components developed 
thus far. 
have given sat isfactory resu l t s .  
will be  used in the construction of cells.  
These cel ls  will be constructed with PPO c a s e s ,  and electrodes which 
Astroset Type 5-036-01  1 inorganic separa tors  
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3.0 WORK PLANNED 
3 - 1  
drawings 
deeply. 
3 . 2  
TASK I - Design of a Multiplate 5 AH Cel l  
3, 1. 1 Modify terminal base  for tab attachment and complete 
3.1.2 Modify separator  dimensions to fit f rame grooves more  
3.1.3 Design and fabricate new separa tor  die. 
- 
'I'ASK II - Fabrication, l e s t ing  and l3vaiuation of Cei i  Com- 
ponents (Single Electrade Cell) 
3.2. 1 Electrodes 
3 . 2 , l .  1 Fabricate e lectrodes,  assemble single e lec-  
4 - e  LIvde cella z~ id  t e s t  them mainly ai currefit densities hig5er t b r i  20 IIIZ/CEI~ at 
25OC and 100°C, in o rde r  to establish the pract ical  limit capable of reaching 
140 cycles  reliably and without undue capacity loss  a t  100 C. 0 
3.2.1.2 Test single electrode cells at 25OC and 100°C 
f o r  gassing r a t e s  on stand and on cycling., 
3.2.2 Separators  
Fabricate  separators  f rom Astroset  Type 5-036-01 1 to 
new dimensions a s  required for  component and ce l l  testing, 
3 . 2 , 3  Case 
3.2.3. 1 Assemble single electrode ce l l  ca ses ,  cement 
and t e s t  for leakage. 
3 .2 .3 .2  Adapt cover and s ta inless  s t ee l  tubing for  
0 100 C operation and minimization of water  evaporation. 
3 ., 2 ., 4 Terminal  
Work on terminal  s e a l  completed, but base  to  be modi- 
fied: See next paragraph.  
3 - 2 . 5  Connections 
The base of the te rmina l  was redesigned in o r d e r  to 
simplify the tab attachment f r o m  plates to te rmina ls  during cell  assembly.  
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II ’ 
Termina l s  with new bases  a r e  being fabricated and will be used on the new test 
ce l l s .  
Study effects of 30, 35, 40, 4570, KOH concentration on 
ce l l  cycle life and dra in  ra te .  
F o u r  cells will be built and tes ted at various load 
reg imes  f o r  3 cycles,  then cycled at  the  1 hour-rate  of discharge at 25 C f o r  
life e 
0 
3.2.7 Multiplate C e l l s  
Orde r  100 PPO cel l  cases  f r o m  molder  fo r  multiplate cells.  
case  was selected €or its dimensions approximating o u r  design 
ve ry  closely except fo r  height. 
proper  height and pressure- tes ted  at 125OC and 30 psi .  
1. The 
The cases  will be cut down to the 
2 .  Case-to-cover  bond wil l  be p re s su re  tes ted to determine rupture 
p re s su re .  
Multiplate ce l l s  will  be built and tes ted at 25O and 1 OO°C . 3. 
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4.0 PERSONNEL 
A s  of 30 January 1966, a total of 6270 engineering hours have been 
expended on this p r n j e c t ,  
approximate percentage of their  time devoted to this project a r e  as follows: 
The perscr,r,el x:.rhc -~.rork,ed 0:: this p r o g r a z  and t he  
Dr. C. Berger  No  d i r ec t  charge 
F. C. Arrance 1 0 0% 
A. Himy 5 0% 
A. D. Taylor 5 0% 
A. G. "nosa i ii 0% 
Q. H. McKenna 100% 
R. K. Greve 2 0% 
M. P. Kilgore 6 0% 
J. D. Armantrout 2 0% 
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